Abstract: Diffraction limit is always a key point to almost all optical systems, and diffraction effect is mostly dependent on the numerical aperture of objective and wavelength of light. However, it will be ultimately limited to improve the resolution continuously by increasing the numerical aperture or reducing the wavelength. Here, it is introduced that when these two parameters are fixed, focal spot smaller than Airy pattern could be obtained by means of superresolution techniques. Theoretical analysis for superresolution is presented. Binary phase plates corresponding to transverse or axial superresolution are designed, especially three-dimensional superresolution is proposed employing some optimization algorithms. The simulation results show that for light source with single wavelength or narrow spectral width, superresolution effects are fine, and when the superresolved phase plates are applied to femtosecond laser microfabrication system, the superresolution performances are even better when two-photon absorption is considered. Finally, the influences of spectrum of light sources are discussed. It has been demonstrated that when the spectral width is narrow, the performance of superresolved phase plates is approximately the same as that of a single wavelength. In conclusion, the superresoloved phase plates can be successfully applied to femtosecond laser systems for microfabrication, data memory and et al.
Introduction
As it's well known that in a common optical system, the image of a point source is no longer a point but spreads over a certain spatial volume, and the optical distribution near focal spot has been well characterized as Airy pattern [1, 2] .
According to Rayleigh criterion, the focal spot can decrease by reducing λ or increasing NA.
But in the practical applications, it will be ultimately limited to increase the numerical aperture or reduce the wavelength continuously.
However, the exciting fact is that even when these parameters are fixed, the spot size can be further reduced by means of superresolution techniques [3] .
The superresolution technique was a novel method to overcome the diffraction limit and improve resolution without the need to modify the optical apparatus significantly. It excited many researchers' interests: Sheppard [4] [5] [6] made much analytic study in the behavior of phase and amplitude plate filters, and they concluded that diffraction limit could be overcome in the transverse or axial direction; T.
Sales [7, 8] proved that when certain conditions such as Strehl ratio and sidelobe intensity were fixed, there existed fundamental limits of optical superresolution in both directions with phase-only superresolution elements; Daniel M. 
Theory of superresolution
It is useful to express the PSF (point spread function) of an aberration free optical system in normalized coordinates so that the diffraction limit can be always represented in a consistent manner, independent of details of numerical aperture or wavelength. In this way, the scalar field at the image plate U, assuming rotational symmetry and uniform illumination, is given by 
Design and simulation
To achieve superresolution and simplify the microfabrication process of superresolved plates, annular binary phase plates are considered. 
where F u is the focus displacement and it's always zero for 0-π phase structure.
Unfortunately, there is no analytical expression for the sidelobe intensity M .
As we know, traits of phase plates are the spectral width becomes broad, for instance, λ0=800nm,λ1=600nm,λ2=1000nm, the situation becomes rather bad which is represented by green lines. A feasible solution to this issue is that design of phase plates is based on the whole spectral range, but the problem will become more complex. In conclusion, for usual femtosecond laser fabrication systems with narrow spectral width, the performance of superresolved phase plates is so good that they will have potential applications in this area.
Conclusions
In summary, three-dimensional superresolution 
